Lagomorph predation represented in a middle Palaeolithic level of the Navalmaíllo Rock Shelter site (Pinilla del Valle, Spain), as inferred via a new use of classical taphonomic criteria by Arriaza, María del Carmen et al.
lable at ScienceDirect
Quaternary International xxx (2015) 1e13Contents lists avaiQuaternary International
journal homepage: www.elsevier .com/locate/quaintLagomorph predation represented in a middle Palaeolithic level of the
Navalmaíllo Rock Shelter site (Pinilla del Valle, Spain), as inferred via a
new use of classical taphonomic criteria
M.C. Arriaza a, b, *, R. Huguet c, d, e, C. Laplana f, A. Perez-Gonzalez g, B. Marquez f,
J.L. Arsuaga h, i, E. Baquedano b, f
a Departamento de Geología, Geografía y Medio Ambiente, Universidad de Alcala, Edificio de Ciencias, Campus Externo, Ctra. A-II-km 33.600,
28871 Alcala de Henares, Madrid, Spain
b Instituto de Evolucion en Africa (IDEA), Museo de los Orígenes, Plaza de San Andres 2, 28005 Madrid, Spain
c IPHES, Institut Catala de Paleoecologia Humana i Evolucio Social, C/ Marcel.lí Domingo s/n-Campus Sescelades URV (Edifici W3), 43700 Tarragona, Spain
d Universitat Rovira i Virgili, Avda. Catalunya 35, 43002 Tarragona, Spain
e Unidad asociada al CSIC, Departamento de Paleobiología, Museo Nacional de Ciencias Naturales, Calle Jose Gutierrez Abascal, 2, 28006 Madrid, Spain
f Museo Arqueologico Regional, Plaza de las Bernardas s/n, 28801 Alcala de Henares, Madrid, Spain
g Centro Nacional de Investigacion sobre la Evolucion Humana (CENIEH), P Sierra de Atapuerca s/n, 09001 Burgos, Spain
h Departamento de Paleontología, Universidad Complutense de Madrid, Avenida Complutense s/n, 28040 Madrid, Spain
i Centro Mixto UCM-ISCIII de Evolucion y Comportamiento Humanos, Avda. Monforte de Lemos 5 - Pabellon 14, 28029 Madrid, Spaina r t i c l e i n f o
Article history:
Available online xxx
Keywords:
Middle Palaeolithic
Taphonomy
Lagomorphs
Non-human predators
Deciduous teeth
Coprolites* Corresponding author. Departamento de Geolog
ente, Universidad de Alcala, Edificio de Ciencias, Ca
33.600, 28871 Alcala de Henares, Madrid, Spain.
E-mail address: mcarmen.arriaza@uah.es (M.C. Ar
http://dx.doi.org/10.1016/j.quaint.2015.03.040
1040-6182/© 2015 Elsevier Ltd and INQUA. All rights
Please cite this article in press as: Arriaza, M
Shelter site (Pinilla del Valle, Spain), as in
dx.doi.org/10.1016/j.quaint.2015.03.040a b s t r a c t
Lagomorph remains at Pleistocene sites may accumulate through the action of hominins, raptors or
carnivores. Actualistic studies have described reliable taphonomic indicators that allow human and non-
human involvement in such accumulations to be distinguished. However, discriminating between
possible animal predators is not easy, because the prey remnants they leave may undergo the same kinds
of taphonomic transformation. The main aim of the present work was to identify the agent, human or
non-human, that accumulated the lagomorph remains at the Navalmaíllo Rock Shelter site (Pinilla del
Valle, Madrid). For this, 1) established taphonomic criteria, such as anatomical representation, were
taken into account, 2) the presence of infant lagomorphs was examined by determining the age of the
individual animals, 3) and coprolite remains adhered to fossils were identified. This new use of the latter
two criteria aided in the identification of the predator responsible for the accumulation of remains. The
results suggest that this was a small carnivore, probably an Iberian lynx.
© 2015 Elsevier Ltd and INQUA. All rights reserved.1. Introduction
Many predators consume rabbits with great regularity; indeed,
the rabbit is a key species of Mediterranean ecosystems. According
to Delibes and Hiraldo (1981), and Delibes-Mateos and Galvez-
Bravo (2009), some of its predators are opportunists, such as the
ocellated lizard (Lacerta lepida) and the wild boar (Sus scrofa).
However, rabbits are normally taken by carnivores and raptors.
Some, such as the Spanish Imperial Eagle (Aquila adalberti) and the
Iberian Lynx (Lynx pardinus), have become super-specialists.ía, Geografía y Medio Ambi-
mpus Externo, Ctra. A-II-km
riaza).
reserved.
.C., et al., Lagomorph predati
ferred via a new use of claThe hominins of Europe consumed lagomorphs throughout the
Pleistocene, but few sites dating from before the Upper Palaeolithic
reflect such behaviour (Pillard, 1969; Chase, 1986; Blasco Sancho,
1995; Martínez Valle, 1996; Guennouni, 2001; Cochard, 2004;
Costamagno and Laroulandie, 2004; Sanchís-Serra and
Fernandez-Peris, 2008; Cochard et al., 2012; Huguet et al., 2013).
Many authors therefore consider the systematic consumption of
such small prey to be largely associated with anatomically modern
humans (Stiner, 1994; Villaverde et al., 1996; Stiner et al., 1999,
2000; Martínez del Valle, 2001; Aura-Tortosa et al., 2002; Hockett
and Haws, 2002; Cochard and Brugal, 2004; Lloveras et al., 2011; Fa
et al., 2013; Rodríguez-Hidalgo et al., 2013a). Carnivores and raptors
were great hunters of rabbits throughout the Pleistocene, andmany
sites are home to accumulations of rabbit skeletal remains, some of
which show traces of consumption (Pillard, 1972; Desclaux, 1992;on represented in a middle Palaeolithic level of the Navalmaíllo Rock
ssical taphonomic criteria, Quaternary International (2015), http://
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Jalvo and Andrews, 2000; Guennouni, 2001; Cochard, 2004, 2007;
Sanchís Serra and Fernandez-Peris, 2008; Lloveras et al., 2010,
2011). In recent years, much effort has been invested in charac-
terising the accumulations left by these predators, and in finding
diagnostic features that might reveal the species responsible
(Andrews, 1990; Schmitt and Juell, 1994; Hockett, 1996; Cruz-Uribe
and Klein, 1998; Sanchís-Serra, 2000; Cochard, 2004; Yravedra,
2004; Lloveras et al., 2008a, 2008b, 2009a; Sanchís-Serra and
Pascual-Benito, 2011; Lloveras et al., 2012a; Alvarez et al., 2012;
Rodríguez-Hidalgo et al., 2013b). The majority of these diagnostic
features have been obtained via actualistic studies. These are vital
in understanding the processes that helped form archae-
opalaeontological sites, in comprehending the strategies used in
resource procurement by different predators (including hominins,
carnivores and raptors), and in unveiling the relationships between
species in palaeoecosystems. However, the limitations of this kind
of study must be borne in mind: the taphonomic features left by
different remain-accumulating agents may be very similar and
even overlap. It can be hard to determine whether remains were
left by carnivores or raptors since the associated body part fre-
quencies and fragmentation, etc., can be very similar (Lloveras et al.,
2011). Diagenetic agents can also distort the original characteristics
of skeletal remains (Fernandez-Jalvo, 1992), making the predator
that discarded them even harder to identify. Thus, actualistic
studies are important in coming to a taphonomic understanding,
but the different post-depositional histories of modern and fossil
remains should be taken into account when interpreting a site.
The main aim of the present work was to determine the pred-
ator responsible for the accumulation of lagomorph remains in
Level F (middle Palaeolithic) at the Navalmaíllo Rock Shelter (PinillaFig. 1. a) Location of the Pinilla del Valle sites in the high-elevation Lozoya Valley (Sierra d
Calvero de la Higuera (Pinilla del Valle). The white circle marks the location of Navalmaíllo
Please cite this article in press as: Arriaza, M.C., et al., Lagomorph predati
Shelter site (Pinilla del Valle, Spain), as inferred via a new use of cla
dx.doi.org/10.1016/j.quaint.2015.03.040del Valle, Madrid, Spain). In its identification, use was made of the
taphonomic criteria of Lloveras et al. (2008a, 2008b, 2009a, 2012a),
which were obtained from different actualistic studies. In addition,
a new use was made of classic taphonomic criteria to determine
whether the examined accumulation was left by carnivores or
raptors, i.e., establishing the age of the lagomorphs represented in
the accumulation, and examining the coprolites present.
2. Navalmaíllo Rock Shelter site
The Calvero de la Higuera site complex in Pinilla del Valle
(Madrid, Spain) lies in the upper valley of the River Lozoya located
in the Sierra de Guadarrama; it is a NEeSW-aligned mountain
rangewith a general pop-up structure that forms part of the Central
System. The archaeological sites are associated with cavities in a
gentle slope of Upper Cretaceous karst rock inclined towards the
River Lozoya (which runs WeE 200 m to the north) (Perez-
Gonzalez et al., 2010) (Fig. 1). In 2002, excavations began at four
sites: the Camino Cave, Navalmaíllo Rock Shelter, Buena Pinta Cave
and Des-Cubierta Cave (Arsuaga et al., 2010, 2011, 2012; Baquedano
et al., 2010, 2011/2012; Huguet et al., 2010; Perez-Gonzalez et al.,
2010).
The Navalmaíllo Rock Shelter (Fig. 2) occupies an area of some
300e400 m2, of which some 80 m2 have been excavated. The
stratigraphy of the examined sections can be described in synthesis,
from the top downwards, as follows:
- Horizon wall A (Level A), 40 cm thick, greyish (10YR 5/2), silty-
sandy with dispersed clasts more abundant towards the base.
Two coluvionary stages (Levels B and B0) have been identified,
both composed of altered, floating carbonate clasts measuringe Guadarrama, central Spain) (modified from Perez-Gonzalez et al., 2010). b) View of
Rock-shelter site.
on represented in a middle Palaeolithic level of the Navalmaíllo Rock
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Fig. 2. a) Recent view of Navalmaíllo Rock Shelter site (photo by Pinilla del Valle Research Team). b) Long bone of large-sized animal with slicing marks (Huguet et al., 2010). c) Lithic
tools made by quartz from Level F of Navalmaíllo Rock-shelter site: a),b) Denticulate, c) Sidescraper, d) Centripetal core (Baquedano et al. 2011e2012). d) Synthetic stratigrafic
column of Navalmaíllo Rock Shelter TL age estimates for level F are shown.
M.C. Arriaza et al. / Quaternary International xxx (2015) 1e13 3to 15 cm along the major axis, all within a pale brown, silty-
sandy matrix (10YR 5/2). The depth of these coluvionary facies
reaches 1 m in some sectors.
- The deeper levels are formed by Level C, a grey silty-clayey
horizon (C) 10e15 cm thick without clasts, and Levels D and E,
some 0.5e0.8 m thick, formed from gravel and blocks, some
measuring 1 m along the major axis. Sometimes Levels D and E
show strong alteration due to the falling of carbonate rocks from
the rock shelter ceiling. The spaces between the blocks have
become filled with fauna- and lithic industry-containing sedi-
ments from the underlying Level F.
- Level F lies on at least 1.80 m of fine siliceous gravel, sand,
granular material and sandy mud, together representing a
fluvial terrace. Two thermoluminescence (TL) dates are available
for Level F: 71.6 ± 5.0 and 77.2 ± 6.0 ka. It therefore belongs to
MIS 5a or the start of MIS 4 (Perez-Gonzalez et al., 2010)
Anthropic activity was intense at the Navalmaíllo Rock Shelter,
which contains evidence of lithic industry, hearths and taphonomic
signs of the human consumption of large mammals (Fig. 2), which
together suggest Level F represents a Neanderthal camp. Very fewPlease cite this article in press as: Arriaza, M.C., et al., Lagomorph predati
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nor are there many signs that such animals consumed large
mammals there. Numerous fragments of coprolites belonging to
small carnivores, however, have been collected, and the remains of
macro- and micromammals including those of the genus Lepus,
have been found in Level F (Baquedano et al., 2010, 2011/2012,
2014; Huguet et al., 2010; Arsuaga et al., 2011; Marquez Mora
et al., 2013).3. Sample and methods
The recovery of faunal remains from the Navalmaíllo Rock
Shelter took place over several stages between 2003 and 2007.
During the systematic excavation of Level F, the coordinates of all
large anatomically identifiable skeletal remains and those un-
identifiable but larger than 2 cm in length were noted. The
accompanying sediment was sieved under a jet of water at mod-
erate pressure through 1 cm, 2 mm and 0.6 mm meshes to collect
small bone remains, the remains of microvertebrates, and lithic
industry fragments. The remains of lagomorphs were thenon represented in a middle Palaeolithic level of the Navalmaíllo Rock
ssical taphonomic criteria, Quaternary International (2015), http://
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collection of the Museo Arqueologico Regional de la Comunidad de
Madrid (MAR) and following the taxonomic criteria of Callou
(1997).
The total number of lagomorph remains (NR ¼ 704) was
recorded and the minimum number of individuals (MNI) and the
minimum number of elements (MNE) calculated (Bunn and Kroll,
1986; Bunn et al., 1988; Cruz Uribe, 1988). As an aid to the identi-
fication of the predators responsible for the accumulations,
different criteria used in actualistic studies (Dodson and Wexlar,
1979; Andrews, 1990; Fernandez-Jalvo, 1992; Perez-Ripoll, 1992,
2001, 2005/2006; Lyman, 1994; Fernandez-Jalvo and Andrews,
2003; Gardeisen and Valenzuela, 2004; Jones, 2006; Lloveras et al.,
2008a, 2008b, 2009a, 2010, 2012a; Gardeisen, 2012) were applied.
3.1. Anatomical representation
The representation of different body parts was determined by
calculating Dodson and Wexlar indices (1979). These indices were
then used to calculate those proposed by Andrews (1990) as
modified by Lloveras et al. (2008a):
PCRT/CR e the total number of postcranial elements (humeri,
radii, ulnae, femora, tibiae, patellae, scapulae, innominate, meta-
carpals, metatarsals, phalanges, carpals/tarsals, vertebrae and ribs)
over the number of cranial elements (maxillae and mandibles).
PCRAP/CR e the number of appendicular bones (long bones,
scapulae, innominate, patellae, metapodials, carpals, tarsals and
phalanges) over the number of cranial elements.
PCRLB/CR e the number of postcranial long bones (humerus,
radius, femur, ulna and tibia) over the number of cranial elements.
AUT/ZEe the number of autopodial bones (metapodials, carpals,
tarsals and phalanges) over the number of zygopodium plus stylo-
podium bones (tibia, radius, ulna, humerus, femur and patella).
Z/E  the number of zygopodium bones over the number of
stylopodium bones.
AN/PO e the number of humeri, radii, ulnae and metacarpals
over the number of femurs, tibiae and metatarsals.
3.2. Fragmentation
The degree of fragmentation of the bone sample was deter-
mined following the method developed by Lloveras et al. (2008a).
Using R software (www.r-project.org), principal components
analysis (PCA) was performed to compare the obtained fragmen-
tation patterns (mean value of complete long bones, mean value of
complete elements, maximum andminimum length, average and %
of remains smaller than 10 mm) with those reported for the Eagle
Owl, Fox, Spanish Imperial Eagle and Iberian Lynx in the actualistic
studies of Lloveras et al. (2008a, 2008b, 2009a, 2010, 2012a).
3.3. Age
Lloveras et al. (2012b) noted the importance of this variable in
taphonomic studies. On some occasions, it has provided informa-
tion on the seasonality of an accumulation. The age of the lago-
morphs at the time of their death was determined by the degree of
fusion at the joints between the long bones (following the criteria
of Gardeisen, 2012; Jones, 2006; Gardeisen and Valenzuela, 2004)
and by examining the tooth remains according to the criteria of
Yardin (1968) and Michaeli et al. (1980).
3.4. Taphonomic modifications
Using a Leica SE6 binocular microscope, or a FEI Quanta 200
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nomic evidence of non-human predator (tooth, claw and beak
marks following Lloveras et al., 2008a, 2008b, 2009a, 2012a) and
human consumption (Lloveras et al., 2009b; Perez-Ripoll, 1992,
2001, 2005/2006). The number of bone fragments showing each
of these markings was recorded. The fragments were also exam-
ined for diagenetic alterations that might have obfuscated or
mimicked these markings, making their interpretation more
complex. The post-depositional surface damage considered in this
study was trampling (Lyman, 1994) weathering (Andrews, 1990;
Fernandez-Jalvo, 1992; Fernandez-Jalvo and Andrews, 1992),
abrasions and roots marks (Fernandez-Jalvo, 1992; Lyman, 1994)
and manganese oxide discoloration (Courty et al., 1989). Signs of
abrasion were scored on the proposed scales using the method of
Caceres (2002). Rounding and polishing caused by water abrasion
was distinguished from that caused by digestion via the striation
marks accompanying the former and the corrosion of the bone
caused by the latter (Andrews, 1990; Fernandez-Jalvo, 1992;
Fernandez-Jalvo and Andrews, 2003). The degree of digestion of
the bone fragments was determined following the method of
Andrews (1990) as modified by Lloveras et al. (2008a), recording
results on the proposed 5-point scale: 0 ¼ no markings; 1 ¼ light
digestion, 2 ¼ moderate digestion, 3 ¼ strong digestion, and
4 ¼ extreme digestion.
3.5. Identification of coprolite fragments
Potential coprolite fragments recognised by visual inspection
(with the naked eye) were subjected to X-ray energy dispersion
spectroscopy (X-EDS) by way of confirmation, comparing their
composition to that of the bone fragments to which they were
attached. Coprolites are made of the evacuated bone paste that
forms during carnivore digestion following the consumption of
skeletal material. They therefore have the same composition as
bone (calcium phosphate and carbonate). The detection of calcium
and phosphorus in chemical analyses confirmed coprolite identi-
fications. The presence of coprolites is a criterion used in the
identification of hyaena dens (Villa et al., 2004). The coprolites of
both small and large carnivores have large internal hollows, and
have mostly the same external and internal characteristics. How-
ever, those of small carnivores tend to be smaller, elliptical or oval
in shape, and more porous than those, say, those of hyaenas, and
sometimes contain lagomorph remains (Arribas, 1994). The
confirmation of coprolite remains adhered to the present lago-
morph remains clearly suggests they were accumulated at the site
by a carnivore.
4. Results
A total of 704 lagomorph bone fragments were recovered, 64 of
which clearly belonged to rabbits (Oryctolagus cuniculus), and 1 of
which clearly belonged to a hare (Lepus sp.). The MNE was 577, and
the MNI derived from the number of lower, left, p3 and d3 (de-
ciduous or adult) was 24.While 18 individuals (75%) had their adult
teeth, 6 (25%) still had their deciduous teeth (Fig. 3). As few long
bones were found, the determination of age at death was largely
dependent on the examination of the teeth.
4.1. Anatomical representation
The relative abundance of skeletal elements value was 13.31%.
The most common elements were teeth (both incisors andmolars);
the least common were vertebrae, ribs, carpals and tarsals
(Table 1).on represented in a middle Palaeolithic level of the Navalmaíllo Rock
ssical taphonomic criteria, Quaternary International (2015), http://
Table 1
List of lagomorph skeletal elements; NR: number of remains; MNE: minimum
number of elements; IRA: index of relative abundance.
Skeletal element NR NR% MNE IRA%
Mandibles 2 0.28% 2 4.17%
Maxillae 2 0.28% 2 4.17%
Incisors 56 10.51% 46 31.94%
Upper molariform teeth 132 17.32% 131 45.49%
Lower molariform teeth 125 15.76% 119 49.58%
Humerus 12 1.70% 8 16.60%
Radius 18 2.56% 5 10.41%
Ulna 2 0.28% 2 4.17%
Femur 8 1.14% 8 16.60%
Tibia 3 0.43% 2 4.17%
Patella 2 0.28% 2 4.17%
Scapula 4 0.57% 4 8.30%
Innominate 3 0.43% 3 6.25%
Metacarpals 15 2.13% 13 6.78%
Metatarsals 36 5.11% 23 11.98%
Phalanges 1/2 143 20.31% 125 15.32%
Phalanges 3 52 7.39% 52 12.03%
Calcaneus 9 1.28% 7 14.58%
Astragalus 20 2.84% 11 22.92%
Carpal/Tarsal 10 1.42% 10 2.98%
Vertebrae 1 0.14% 1 0.17%
Ribs 1 0.14% 1 0.17%
Total 656 þ 17 indet.
teeth þ 31 indet.
metapodials ¼ 704
577 13.31%
Table 2
Proportions of anatomical elements. PCRT ¼
Post craneal elements; CR ¼ Craneal elements;
PCRAP ¼ Postcraneal apendicular elements;
PCRLB ¼ Postcraneal Long Bones; AUT ¼ Auto-
podial bones; ZE ¼ Zygopodium bones; E ¼
Stylopodium bones.
Index Value
PCRT/CR 18.2
PCRAP/CR 31.9
PCRLB/CR 26.7
AUT/ZE 99.1
Z/E 37.5
AN/PO 63.6
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AUT/ZE, Z/E and AN/PO indices. Data for the first three indices
indicate a greater representation of cranial than postcranial ele-
ments; those for the AUT/ZE index indicate there was a similarTable 3
Anatomical representation, breakage and digestion variables for Eagle Owl, Spanish Impe
2012a) and the Navalmaíllo Rock Shelter sample.
Bubo bubo (Eagle Owl) Aquila adalberti
(Spanish Imperial
Eagle)
Origin Nest Nest Pellet
RA > values Patella-Calcaneus-
Innominate-Femur
Calcaneus-
Innominate-
Tibia-Metatarsal
Phalange 3-Upper
Molar-Tibia
RA < values Metacarpal-Carpal/
Tarsal
Radio-Carpal/Tarsal-
Metacarpal
Rib -Femur-Radio
Vertebrae
PCRLB/CR þ postcranial þ postcranial þ cranial
P/D þ proximal þ proximal þ distal
AN/PO þ hindlimb þ hindlimb þ hindlimb
% Complete elements
Mean value
long bones
14.6 10.8 0
Mean value total 53.9 45.9 27
Length (in mm)
Maximum 86.3 90.0 36.1
Minimum 2.3 2.5 1.8
Average 14.07 14.78 8.36
% < 10 mm. 49 40 73
Digestion
% Digested
remains
68.8 65.6 98
% Digested
long bones
88.9 83.9 100
Intensity
Null 31.2 34.4 2.0
Light 40.2 40.2 18.2
Moderate 19.8 19.8 46.8
Heavy 8.0 5.3 27.4
Extreme 0.7 0.15 5.6
Teeth marks % e e e
Beak marks % 2.0 1.34 0.5
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those for the Z/E index indicate that there were more zygopodial
than stylopodial elements; and the AN/PO index results indicate
that hindlimb bones were more abundant than forelimb bones.
However, 38% of the metapodial elements were left out of the
calculations because they could not be identified as belonging to
one or other such limb.4.2. Fragmentation
The mean value of complete elements was 31.8 mm (range
1e36 mm) (Table 3). Nearly 70% of the samples were under 10 mm
in length. Only 31.8% of the bones recovered were complete; these
were always either phalanges, metacarpals, metatarsals, carpals or
tarsals. Surprisingly, only 5.8% of the teeth collected showed no sign
of fragmentation. No complete long bones were found, nor were
any bones found in their anatomical positions.rial Eagle, Iberian Lynx and Fox (data from Lloveras et al., 2008a, 2008b, 2009a, 2010,
Lynx pardinus
(Iberian Lynx)
Vulpes vulpes (Fox) Navalmaíllo
Rock Shelter
Scat Scat Not ingested e
Mandible-Teeth-
Craneal
Long Bones-
Scapula
Metatarsal-
Calcaneus-
Astragalus-Tibia
Molariform
teeth-Incisive
- Carpal/tarsal-
Vertebrae-Rib
Metacarpal-
Innominate-
Astragalus-Patella
Skull-Scapula-
Rib-Innominate
Vertebrae-Rib
Carpal/Tarsal
þ cranial þ postcranial þ postcranial þ cranial
þ proximal þ proximal þ distal ¼
þ forelimb ¼ þ hindlimb þ hindlimb
2.5 0 5.9 0
43 8 92.3 31.8
30.1 22.6 e 36
1.1 2.6 e 1
7.1 9.13 e 3.4
80 63 e 67.6
97.2 100 e 25.2
100 100 e 39.5
2.8 0 e 74.8
12.0 1 e 11.1
22.0 26.7 e 10.1
43.8 43.5 e 3.2
19.3 28.7 e 0.3
0.26 1.7 9.5 e
e e e e
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Fig. 3. aec) Permanent rabbit teeth; aeb) upper cheek teeth; c) third right lower premolar. def) Deciduous rabbit teeth, d) third right lower deciduous premolar, e) fourth right
lower deciduous premolar, f) upper left deciduous premolar.
M.C. Arriaza et al. / Quaternary International xxx (2015) 1e136PCA returned two axes that explained 94% of the variance in the
bone fragmentation pattern (Fig. 4) (Table 4). Axis 1 was composed
of a set of four variables, each with a loading score of over 90%:
percentage of complete long bones, maximum length recorded, the
average length of all the bone fragments, and the percentage of the
bone sample under 10 mm in length. Axis 2 was composed of just
one variable (mean value of complete elements) with a loading
score of 90%. Axis 1 separated the bone fragmentation caused by
the Eagle Owl (Bubo) from that caused by all other predators. Axis 2
separated the bone fragmentation patterns caused by foxes (Vulpes)
and the Spanish Imperial Eagle (Aquila) from that associated with
the Iberian Lynx and the pattern recorded at the site.Table 4
Loading scores of the correlation values and their significance of the PCA for
breakage variables.
Correlation p.value
Dim.1
Average length of all bone fragments 0.9293800 0.02228799
Mean value complete long bones 0.9161160 0.02879459
Maximum length 0.9053877 0.03443452
% of remains smaller than 10 mm 0.9172692 0.02820789
Dim.2
Mean value complete elements 0.8997396 0.03753068
Fig. 4. Spatial distribution of breakage patterns for the Eagle Owl (Bubo), Spanish
Imperial Eagle (Aquila), Iberian Lynx (Lynx) and Fox (Vulpes) (data from Lloveras et al.,
2008a, 2008b, 2009a, 2010, 2012a, 2012b), and for the Navalmaíllo Rock Shelter re-
mains (Navalmaíllo) according to PCA.4.3. Taphonomic modifications
No modifications caused by teeth, claws or beaks, or by human
cutting tools, were recognised. Digestive corrosion was identified
on 25% of the studied fragments, with more bones (38%) than teeth
(10) showing such alteration. All degrees of digestion were recor-
ded, although degrees 1 and 2 were the most common (Table 3,
Fig. 5).Please cite this article in press as: Arriaza, M.C., et al., Lagomorph predati
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dx.doi.org/10.1016/j.quaint.2015.03.040On average, 70% of the bone/tooth fragments showed rounding
caused by water abrasion. More than 90% of the postcranial ele-
ments had been rounded in this way. Only 60% of the teeth showed
this alteration. The most common degree of rounding both in cra-
nial and postcranial elements was R1. Over 50% of the fragments
showed signs of polishing, especially the postcranial elements
(>90%). The most common degree of polishing recorded was P1,
followed by a very small representation of P2. Some 85% of the
fragments showed signs of both rounding and polishing (Fig. 6).on represented in a middle Palaeolithic level of the Navalmaíllo Rock
ssical taphonomic criteria, Quaternary International (2015), http://
Fig. 5. Scanning electron micrograph of lagomorph remains from the Navalmaíllo Rock Shelter. a) and b) Digested molariform elements, c) Cuneiform, digestion grade 0, d)
Cuneiform, digestion grade 2, e) Cuboid, digestion grade 2, f) Cuboid, digestion grade 3, g) Navicular digestion grade 0, h) Navicular digestion grade 2 i) Calcaneus, digestion grade 1,
j) Calcaneus digestion grade 2, k) Calcaneus digestion grade 3, l) Calcaneus digestion grade 4, m) Distal radius, digestion grade 3, n) Proximal radius, digestion grade 2, o) Proximal
femur, digestion grade 1, p) Proximal femur, digestion grade 2.
M.C. Arriaza et al. / Quaternary International xxx (2015) 1e13 7In addition 44% of the remains showed marks left by roots. Root
actionwas so strong in some cases that the affected bones and teeth
were almost unrecognisable (Fig. 7). All the elements inspected
showed the presence of manganese oxides: 77% showed strong
staining. No remain showed trampling marks or weathering
modifications.
4.4. Identification of coprolites
The remains of coprolites were seen adhered to 40 fragments
(both bone and tooth). Most were located on the bone or toothPlease cite this article in press as: Arriaza, M.C., et al., Lagomorph predati
Shelter site (Pinilla del Valle, Spain), as inferred via a new use of cla
dx.doi.org/10.1016/j.quaint.2015.03.040surface and were ivory-coloured. They were compact, but with
small hollows produced by internal air bubbles. Their great porosity
suggests that they were deposited by a small carnivore. Their
identification was confirmed by testing a representative sample of
four supposed coprolite fragments (NAV O9, NAV-18, NAV-02 and
NAV-59-01) by X-ray EDS. The bones to which these were adhered
(samples NAV 08, NAV-19, NAV-01 and NAV-03) were also tested to
confirm that their composition was similar. Figs. 8e11 show the
results obtained. The similarity of NAV-18, NAV-02 and NAV-59-01
to their respective bone fragments (NAV-19, NAV-01 and NAV-03)
confirms their identity. However, a supposed coprolite sampleon represented in a middle Palaeolithic level of the Navalmaíllo Rock
ssical taphonomic criteria, Quaternary International (2015), http://
Fig. 6. Distal lagomorph humerus with polishing/rounding due to water action.
Fig. 7. Scanning electron micrograph of lagomorph molariform elements (w
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dx.doi.org/10.1016/j.quaint.2015.03.040(NAV09) was shown not to be a coprolite; it had a greater silicate
content than its corresponding bone sample (NAV 08).
5. Discussion
Many Pleistocene sites in the Mediterranean Basin contain the
remains of lagomorphs that were hunted by humans or animal
predators. However, sites dating to before the Upper Palaeolithic
contain many fewer examples of such human-hunted remains.
Evidence at sites of an age similar to that of the Navalmaíllo Rock
Shelter in the Mediterranean Basin (Moscerini and Sant Agostino
[Stiner, 1994], Abric Romaní [Caceres, 1998], Cova 120 [Terradas and
Rueda, 1998], Boquete de Zafarraya [Guennouni, 2001; Barroso
et al., 2006], Moros de Gabasa I [Blasco Sancho, 1995], Ibex Cave
[Fernandez-Jalvo and Andrews, 2000] and Foz do Enxarrique
[Brugal and Raposo, 1999]) show that lagomorphs were not
generally hunted by humans of this time despite their being
available. Further, bone assemblages from anthropic sites are
dominated by adults (Hockett and Bicho, 2000; Yravedra, 2008).
Long bones, mandibles and innominate bones are the most com-
mon, and they frequently show clear signs of human manipulation,
such as cut marks, peeling, and the marks of human teeth (Perez-
Ripoll, 1992; Hockett and Bicho, 2000; Perez-Ripoll, 2001;
Hockett and Haws, 2002; Perez-Ripoll, 2005/2006; Yravedra,
2008). Elements showing such markings are, however, absent at
the Navalmaíllo Rock Shelter, and the individuals represented are of
a wider age range. The absence of anthropic signs suggests the
animal responsible for the accumulation of the remains was non-
human.
The examined remains seem to have been the prey of some
predatory animal; they do not appear to represent animals that
died in their burrows. They clearly show signs of digestion, no
intact skeletons or bones were found in their anatomical positions,
and the Dodson and Wexlar indices were low. Thus, these lago-
morphs were likely taken by a predator.
Carnivores and raptors were protagonists in the production of
the lagomorph fossil record for the Pleistocene (Stiner, 1994; Blasco
Sancho, 1995). Signs of strong digestion, and marks left by teeth,
claws and beaks, are evidence of animal predator action. Some 25%
of the lagomorph remains at the Navalmaíllo Rock Shelter show
signs of strong digestion, but no tooth, claw or beak marks were
seen. This, however, is not uncommon (Lloveras et al., 2008a,
2008b, 2009a, 2012a). Further, the relative abundance of skeletal
elements, the body part representation results, and the fragmen-
tation of the sample all suggest that an animal predator preyed
upon these lagomorphs. Some evidence suggests that the predator
responsible was an Iberian Lynx (Table 3). The least common ele-
ments found were vertebrae, ribs, and carpals/tarsals, and the most
common were teeth. In actualistic studies, Lloveras et al. (2008b)
reported such a pattern to be associated with this felid. The PCRT/ith visible root marks) found in Level F at the Navalmaíllo Rock Shelter.
on represented in a middle Palaeolithic level of the Navalmaíllo Rock
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Fig. 8. Scanning electron micrograph of a lagomorph deciduous tooth element, plus chemical analysis of an adhered coprolite (NAV-59-01).
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to be more common; a pattern associated with the Iberian Lynx
(Lloveras et al., 2008b). However, the values of the AUT/ZE, Z/E and
AN/PO indices are not those that might be expected.
Lloveras et al. (2008a, 2008b, 2009a, 2012a) indicate that the
faeces of foxes and lynxes, and the nest litter of Eagle Owls, contain
a greater proportion of proximal leg parts (tibia, radius, humerus,
femur and patella), while the pellets of the Spanish Imperial Eagle
contain more distal parts (metapodials, carpals, tarsals and pha-
langes). However, in the present remains, the proportion of upper
and lower limb parts was similar, making it difficult to identify the
predator responsible (Table 3). Nonetheless, hindlimbs were more
common than forelimbs. At first sight this would not be expected
for lynx faecal remains, in which forelimbs are usually the more
common (Lloveras et al., 2008b); normally lynxes do not consume
the lower extremes of lagomorph hindlimbs, which remain
hanging on the discarded skin and therefore do not pass throughFig. 9. Scanning electron micrograph of a lagomorph phalange with chemical analysis of the
18).
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dx.doi.org/10.1016/j.quaint.2015.03.040the predator's digestive system (Delibes, 1980; Calzada and
Palomares, 1996; Lloveras et al., 2008b). Thus, metacarpals e but
not metatarsals e are usually seen in lynx faeces. In the present
samples, metatarsals were twice as common as metacarpals, sug-
gesting a lynx was not responsible. However, it is important to note
that 31metapodial fragments could not be identified asmetatarsals
or metacarpals. Thus, it cannot be ruled out that a lynx predated the
examined lagomorphs.
Intriguingly, the proportions of the different bone types recor-
ded were quite similar to those that might be expected if the
Spanish Imperial Eagle were the predator (Lloveras et al., 2008a). In
the regurgitated pellets of modern Spanish Imperial Eagles, lago-
morph teeth are very commone as seen in the present samplee as
are the third phalange and the tibia (Lloveras et al., 2008a), while
the least common remains are the ribs and vertebrae (as seen for
the present remains), femur and radius (Table 3). Similarly, the
PCRT/CR, PCRAP/CR and PCRLB/CR indices usually reveal thesebone surface (NAV-19), plus the same chemical analysis for an adhered coprolite (NAV-
on represented in a middle Palaeolithic level of the Navalmaíllo Rock
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Fig. 10. Scanning electron micrograph of a lagomorph molariform element with chemical analysis of the enamel (NAV-01), plus the same chemical analysis for the dentine (NAV-03)
and an adhered coprolite fragment (NAV-02).
M.C. Arriaza et al. / Quaternary International xxx (2015) 1e1310pellets to contain a higher proportion of cranial elements, as seen in
the present remains. Further, hindlimbs were more common in the
present sample, another sign that this eagle species may have been
the predator (Lloveras et al., 2008a).
However, the PCA results suggest that most likely predator was,
in fact, the Iberian Lynx (Fig. 4). Axis 1 separates the fragmentation
patterns for the Eagle Owl from those of the other possible pred-
ators recorded by Lloveras et al. (2008a,b, 2009a, 2012a), while Axis
2 separates the pattern for the Iberian Lynx (described by the same
authors) plus the pattern recorded for the present sample from that
described by the above authors for the Spanish Imperial Eagle and
Fox. Thus, suspicion once again falls on the Iberian Lynx as the
predator that took the examined lagomorphs.
Comparisons similar to those made above rule out that the
examined remains were left by an eagle owl or a fox (Table 3). The
consumed remains left over by these predators never contain large
number of teeth, unlike that seen for the present sample. Neither
were the PCRT/CR, PCRAP/CR and PCRLB/CR indices for the studied
remains those that would be expected (Lloveras et al., 2008a). The
new use of classical taphonomic criteria developed in the present
work appears to further support the idea that an Iberian lynx was
the predator involved: the presence of deciduous teeth and the
confirmation of the presence of coprolite material.
Lloveras et al. (2012b) noted the importance of the age at death
of prey animals in taphonomic studies on lagomorphs. The results
of previous actualistic studies have shown that the proportion of
adult lagomorphs in the remains left over by predators can be very
variable, and therefore an unreliable indicator of predator identity.
For example, the proportion of adults in the diet of foxes has beenPlease cite this article in press as: Arriaza, M.C., et al., Lagomorph predati
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dx.doi.org/10.1016/j.quaint.2015.03.040recorded to vary from 20% (Sanchís Serra, 2000) to 87% (Lloveras
et al., 2012a). Further, the mortality among juvenile lagomorphs
caused by predators (around 50%) is equally the work of terrestrial
carnivores and birds of prey (Villafuerte and Castro, 2007). Thus,
the proportion of adult/juvenile remains cannot indicate the
predator responsible. However, in the present work, the predator
took infant rabbits e those that have still not left the protection of
the burrow. These were identified by the presence of deciduous
teeth. Infant rabbits maintain their deciduous teeth for around 27
days before shedding them. When the animal reaches this age the
musculature of the chewing system, which develops from that used
to suckle, is indistinguishable from that of an adult (Weijs et al.,
1989; Langenbach et al., 1992, 2001) and the young rabbits are
able to feed for themselves. At this point they receive no further
maternal care, and are expelled from the burrow in which they
were born (Cowan and Bell, 1986; Villafuerte, 2007). Remains that
show deciduous teeth are therefore those of infant rabbits e in-
dividuals that could never have been taken from their burrows by a
bird of prey and must therefore have been killed by a terrestrial
predator. Foxes and Iberian Lynxes dig out rabbit burrows and prey
on infant rabbits (Delibes, 1980; Villafuerte and Castro, 2007).
Together, the presence of deciduous teeth and of adhered
coprolite material strongly suggests that the predator responsible
was a small terrestrial carnivore. The PCA results in particular
suggest it was probably an Iberian lynx. The free coprolite frag-
ments detected in the sediments examined also suggest that faeces
left elsewhere were washed into the rock shelter. Lynx faeces are
cylindrical and normally contain lagomorph bones. They are usu-
ally deposited along the edge of tracks, but sometimes in middenson represented in a middle Palaeolithic level of the Navalmaíllo Rock
ssical taphonomic criteria, Quaternary International (2015), http://
Fig. 11. Scanning electron micrograph of a lagomorph phalange with chemical analysis of the bone surface (NAV-08), plus the same chemical analysis for two non-phosphate
aggregates (NAV-09 and NAV-10).
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Shelter supplied the remains found in Level F (lagomorph remains
were recovered from throughout this level, showing that they
accumulated over time). Certainly, lynxes are heavy consumers of
lagomorphs, make their lairs in caves, and were widely distributed
around the Iberian Peninsula during the Pleistocene (Rodríguez-
Hidalgo et al., 2013b).
The lagomorph remains accumulated at the site underwent
different biostratinomic and fossildiagenetic processes. The large
percentage of fragments showing rounding and polishing suggests
them to have been transported in a low energy water current. All
the bone fragments examined showed manganese oxide stains.
Thus, they must have lain on a wet sedimentary environment. The
last stage of fossil diagenesis detected was that caused by plant
roots which affected over 40% of the remains examined. This may
have rendered the observation of tooth marks and other marks of
digestion more difficult, explaining the small percentage of ele-
ments with clear signs.6. Conclusions
The taphonomic study of the lagomorph remains from Level F at
the Navalmaíllo Rock Shelter showed the predator responsible for
their accumulation to be non-human. The new use made of classic
variables (identification of coprolites adhered to the bones, and the
presence of infant lagomorphs), along with the pattern of skeletal
representation and the fracturing of the remains, suggests this
accumulation was the work of the Iberian Lynx.Please cite this article in press as: Arriaza, M.C., et al., Lagomorph predati
Shelter site (Pinilla del Valle, Spain), as inferred via a new use of cla
dx.doi.org/10.1016/j.quaint.2015.03.040Themethodological approachbasedon the lagomorphdeathages
and the coprolite characterization will help future taphonomic
studies on these preys' accumulations from archaeopalaeontological
sites. Thus, there will be more data to precisely identify the accu-
mulation agent of the fauna association. Also, this will contribute to
recognize if those preys were consumed by human groups or, as the
case of theNavalmaíllo Rock Shelter, the accumulationwas produced
by a segregation in prey selection between Neanderthals and small
carnivores.
Finally, the Iberian Lynx would appear to be responsible for the
present accumulation of lagomorph remains, andmay have been so
at other sites in the Mediterranean Basin. This should be borne in
mind in future taphonomic studies.Acknowledgements
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